Background: The in-vitro study indicated that ERK/MAPK and PI3K/AKT signal channels may play an important role in reparative regeneration process after peripheral nerve injury. But, relevant in-vivo study was infrequent. In particular, there has been no report on simultaneous activation of ERK/MAPK and PI3K/AKT signal channels in facial nerve cell and axon after facial nerve injury. Results: The expression of P-ERK enhanced in nerve cells at the injury side on the 1 d after the rat facial nerve was cut and kept on a higher level until 14 d, but decreased on 28 d. The expression of P-AKT enhanced in nerve cells at the injury side on 1 d after injury, and kept on a higher level until 28 d. The expression of P-ERK enhanced at the near and far sections of the injured axon on 1 d, then increased gradually and reached the maximum on 7 d, but decreased on 14 d, until down to the level before the injury on 28 d. The expression of P-AKT obviously enhanced in the injured axon on 1 d, especially in the axon of the rear section, but decreased in the axon of the rear section on 7 d, while the expression of axon in the far section increased to the maximum and kept on till 14 d. On 28 d, the expression of P-AKT decreased in both rear and far sections of the axon. Conclusion: The facial nerve simultaneously activated ERK/MAPK and PI3K/AKT signal channels in facial nerve cells and axons after the cut injury, but the expression levels of P-ERK and P-AKT varied as the function of the time. In particular, they were quite different in axon of the far section. It has been speculated that two signal channels might have different functions after nerve injury. However, their specific regulating effects should still be testified by further studies in regenerative process of peripheral nerve injury. Ó 2017 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
A series of physiological changes occur after peripheral nerve injury, such as degeneration of nerve cell, disintegration of axon, dedifferentiation and proliferation of Schwann cell, extension of axon, dedifferentiation of Schwann cell and so on. Finally, axon regeneration and partial recovery of nerve functions can be realized to a certain extent (Rich et al., 1989; Koeppen, 2004; Grinsell and Keating, 2014; Sulaiman and Gordon, 2000) . At present, the molecular mechanism for such a complicated physiological process is still unclear, but the study for molecular mechanism of the regeneration of the peripheral nerve injury can provide a new strategy for rehabilitation therapy after peripheral nerve injury. Unlike the regeneration of peripheral nerve, it is difficult for the injured central nerve to regenerate, of which one important reason is that the grown cells of the central nerve lose endogenous axon growing capability. Although recent studies had obtained pleasing results in improving the growth potential of the injured axon by regulating transcription and interpretation (Park et al., 2008 ; PTEN deletion enhances the regenerative ability of adult corticospinal neurons), the regenerative effect of these nerves is still inferior to natural regenerative results of axon after peripheral nerve injury. It means that understanding the molecular mechanism of axon's natural regeneration should be a main point for studying neural regeneration and the first step is to explain the possible signal channel, which regulates natural regeneration of axon.
PI3K/AKT and ERK/MAPK signal channels are important intracellular signal channels, which are known in regulating cell survival, growth, splitting and proliferation at present (Schmid et al., 2000; Forcet et al., 2002; Carter and Downes, 1992) . The literature reported that PI3K/AKT and ERK/MAPK signal channels could be activated at multiple sites of the injured nerve (Klimaschewski et al., 2013; Liu and Snider, 2001; Klesse and Parada, 1998) , including facial nerve cell, axon, Schwann cell, etc. and possibly play an important role in repair and regeneration processes after nerve injury. However, most previous studies are vitro studies, while in-vivo studies are infrequent, especially aging studies for P-AKT and P-ERK expressions after facial nerve injury. In the process of peripheral nerve regeneration, it is not a single signal channel that plays the role of regulating, but various signal channels are activated simultaneously or in turn and the crosstalk among different signal channels is significant in regulating nerve regeneration. Therefore, understanding the time-variation features of P-AKT and P-ERK expressions after nerve injury is helpful for use to explore the regulating function of the signal channel after nerve injury.
In this thesis, Western and immunohistochemistry means were adopted to study the expression and time limit of P-ERK and P-AKT in facial nerve cell and axon, after rate facial nerve is cut, so as to assist in exploring the functional mechanism of PI3K/AKT and ERK/MAPK signal channels in the repair and regenerative process after facial nerve injury.
Materials and methods

Animal treatment and facial nerve axotomy injury model
30 male adult SD rats with body weights of 200-250 g were divided into 6 groups at random with 5 ones per group, which were named as the 1st, 3rd, 7th, 14th and 28th groups and one blank control group. The rats were provided by the Animal Experiment Center of Dalian Medical University and approved by the Ethic Committee.
After rats were anaesthetized by injecting 10% chloral hydrate 3.5 ml/kg into their abdominal cavities, the curved incisions were made at the lower parts of right auricles and separated up to the stylomastoid foramen to expose the trunk of facial nerve. The trunk of facial nerve was cut at 5 mm place of the stylomastoid foramen 5 mm, the facial nerve anastomosis was carried out with 10/0 sutures under an operating microscope and then the wound was seamed up with 4-0 nylon sutures.
Tissue preparation
In 7 days after the operation, the rats were anaesthetized by injecting 10% chloral hydrate 3.5 ml/kg, the former facial incision was separated to expose facial nerve, which was separately cut from stylomastoid foramen of the facial nerve to 5 mm far end of anastomotic stoma and the obtained facial nerve specimen was about 1 cm long. The facial nerve specimens of 5 rats were taken for each group and separately cut at the anastomosis places into a 5 mm-log rear section and a 5 mm-long far section and the 5 mm facial nerve taken from the same position of the blank control group was used for Western detection. Via the left ventricle, a cannula was inserted to the ascending aorta, the normal saline 150 ml was filled quickly until the liver turned white, then 4% paraformaldehyde (4°C, pH7.4) 300 ml was filled for fixing quickly early and slowly lately until the limbs of animals became stiff. Then, rat heads were cut off and opened to take brain stem. With the cerebellum bulbopontine sulcus as the center, about 2 mmthick brain stem tissues, containing facial nerve core, were cut horizontally from left and right sides and put into 4% paraformaldehyde for fixing overnight (4°C). After being bleached and dehydrated, the tissues were embedded with paraffin, the facial nerve cores were positioned according to the three-dimensional cerebrum positioning spectrum of the rats and serial sections, about 20 lm thick, were prepared and used for immunohistochemistrical dying.
Antibodies
Anti-p-Akt1/2/3(Ser473) IgG, anti-Akt1/2/3 IgG, anti-b-actin mouse IgG were from Abcam (Cambridge, MA, USA), anti-p-p44/ 42MAPK(Erk1/2)(Thr202/Tyr204)IgG, anti-Erk1/2 IgG were from Cell Signaling Technology (Beverly, MA, USA), goat anti-rabbit IgG -horse radish peroxidase, rabbit anti-goat IgG-horse radish peroxidase, goat anti-mouse IgG-horse radish peroxidase were from Santa CruzBiotechnology (Santa Cruz, CA, USA).
Immunohistochemistry
The paraffin sections were dewaxed, hydrated, rinsed with PBS, put into a pressure cooking kettle containing citric acid buffer solution (pH6.0) and heated for 3 min; then cooled to room temperature, rinsed with PBS again, drippily added with peroxidase blocking agent and incubated for 10 min under room temperature; drippily added with the first antibody (P-ERK 1:400, P-AKT 1:200), incubated for 60 min under room temperature and rinsed with PBS again; drippily added with MAXVision/HRP agent (Fujian MXB Biotechnologies Co., Ltd.), incubated for 15 min under room temperature and colorated with DAB and rinsed with tap water until color development stopped; redyed with hematoxyllin, re-blued with PBS, dehydrated, vitrified with xylene and sealed up with neutral resin. Then, the Image-Pro Plus software was used to measure the mean optical density, of positive nerve cells, which represented the immune dyeing strength of the facial nerve cell.
Western blotting
After the facial nerve had been cut into pieces, RIPA buffer solution was added and the mixture was cracked ultrasonically and centrifuged for 10 min with a low-temperature ultracentrifuge (10,000 rpm). Then, the supernatant was sucked and the BCA protein concentration determination kit was used to determine the protein concentration of the sample. The 5Â loading buffer was added and the mixture was heated for 5 min under 100°C, treated with SDS-PAGE gel electrophoresis and transferred to PVDF film for 1 h sealing under room temperature. p-Akt (Thr473), Akt, pp44/42MAPK (Erk1/2)(Thr202/Tyr204), p44/42MAPK (Erk1/2) (Thr202/Tyr204) and b-actin (dilution ratio was 1: 1000 for all) were added separately and then the mixture was incubated overnight under 4°C. After film rinsing, HRP rabbit anti-goat IgG, HRP goat anti-rabbit IgG and HRP rabbit anti-mouse IgG (dilution ratio was 1:2000 for all) were added separately and the mixture was incubated for 1 h under room temperature. After being rinsed, the PVDF film was soaked in the ECL illuminant solution for 3 min and then taken out for development. According to the calibrated marker, Gelpro 32 densitometric scanning and protein analysis software was used to analyze protein strips.
Statistical analysis
The measurement data were expressed by mean value ± stan dard deviation (Mean ± SD) and should be analyzed with ANOVA variance by SPSS 19.0 statistical software and P < 0.05 indicated that the deviation was statistically significant.
Results
Expression of P-ERK I facial nerve cell
The expression of P-ERK was relatively weak in facial nerve nucleus of the blank control group, but obviously enhanced in the injured facial nerve nucleus. The mean optical density of P-ERK in the facial nerve nucleus at the injury side raised more obviously than that in the blank control group in 1d after the injury (P < 0.01), but the differences among 3d, 7d and 14d were not significant statistically (P > 0.05). At 28d, the mean optical density of P-ERK decreased and the difference was statistically significant while compared with other time points (P < 0.05). See Figs. 1 and 2. 
Expression of P-AKT in facial nerve cell
The expression of P-AKT was found in facial nerve nucleus at the control side and was more distinct in facial nerve nucleus at the injury side. The mean optical density of P-AKT in the facial nerve nucleus at the injury side raised more obviously than that in the blank control group in 1d after the injury and the difference was statistically significant (P < 0.01). It was kept at a close expression level until 28d and the differences among all time points were not statistically significant (P < 0.05). See Figs. 3 and 4.
Expression of P-ERK in axon
In the blank control group, only a little expression of P-ERK in axon could be found. On 1 d after the facial nerve was cut and sutured, the expression of P-ERK in axon started to rise up, especially in the rear section. The expression of P-ERK rose more predominantly on 3 d while compared with the control group, reached the maximum value on 7 d, but decreased on 14 d while compared with that on 7 d. The expression of P-ERK in axon was closed to that of the blank control group on 28 d. At various time points after the facial nerve was cut and sutured, the expression of P-ERK in rear section of axon was higher than that in the far section. See Fig. 5. 
Expression of P-AKT in axon
In the blank control group, only a little expression of P-AKT in axon could be found. On 1d after the facial nerve was cut and sutured, the expression of P-AKT in axon started to rise up, especially in the rear axon section. The expression of P-AKT on 3 d was close to that on 1d, but decreased in the rear axon section on 7 d. However, the expression reached to the maximum in the far section and kept on until 14d. The expression of P-AKT decreased in near, far and middle sections of the axon on 28 d. See Fig. 6 . 
Discussion and conclusion
Various vitro studies thought that ERK/MAPK and PI3K/Akt were the most important signal channels promoting the survival of nerve cells (Creedon et al., 1996; Edström and Ekström, 2003) . Some studies confirmed that exogenous Ras could reduce the death of facial nerve cells due to the cutting of facial nerve and the quantity of the injured facial nerve cells was not statically significant while compared with the control group (Heumann et al., 2000) . In addition, some studies indicated that PI3K/Akt means played an important role in protecting the damaged nerve cell (Crowder and Freeman, 1998) . It was found in the in-vitro culture of DRG nerve ganglion that inhibiting the activity of PI3K channel might result in the death of DRG nerve cell (Edström and Ekström, 2003) . Some studies showed that activating the ERK channel could promote spontaneous survival of nerve cells after nerve injury and the protective effect of neurotrophic factors (e.g. BDNF) for nerve cells was also subject to the ERK means (Obata et al., 2003) . Moreover, the effects of NGF, GDNF and other cell factors in promoting survival of nerve cells should also depend on the PI3K means. Even if the neurotrophic factors NGF and GDNF existed, inhibiting the activity of PI3K or Akt also led to the death of nerve cells (Yao and Cooper, 1995) .
Various vitro studies indicated that ERK could promote axon growth of DRG, SCG and other nerve cells and the growth rate of axon was correlated with the duration and strength of ERK signals (Atwal et al., 2000; Teow and Ali, 2017) . For example, the growth of PC12 pheochromocytoma axon required continuous activation of ERK. The ERK channel might also play an important role in axon growth process stimulated by NGF, GDNF and other neurotrophic factors, which indicated that the ERK channel was quite important for autogenic and exogenous stimulus regeneration of axon (Traverse et al., 1992) . The difference was that inhibiting ERK had no effect on autogenic axon growth of adult DRG, but might produce obvious inhibition for axon growth induced by growth factors. Like the functions of ERK, the enhancement of Akt phosphorylation level could promote the axon growth of in-growth and adult DRG nerve cells (Liu and Snider, 2001 ). In addition, it might also promote axon growth of NGF-induced sensory nerve. Different from the effect of ERK, the in-vitro culture revealed that AKT could promote not only prolongation of axon but also branch growth of axon, and inhibiting PI3K could reduce both autogenic axon growth and NGF and GDNF induced axon growth (Sjögreen et al., 2000; Alghadeer and Hornsby, 2017) .
Compared with in-vitro studies, there were less in-vivo studies for ERK/MAPK and PI3K/Akt signal channels activated after peripheral nerve injury (Jones et al., 2003) . In particular, there was no study for signal channel activation simultaneously in nerve cell and axon (Gallo and Letourneau, 1998) , but the expression positions of P-ERK and P-AKT after peripheral nerve injury might be correlated with their functions, which was the basis for studying regeneration action of signal channel regulating nerve. On the other hand, the relation between ERK and AKT phosphorylation levels and injury times should be clarified further. The time variation of P-ERK and PAKT expression levels might represent the harmonious effects among different signal channels in nerve regeneration process (Markus et al., 2003) . These studies are quite important for understanding the active regenerative mechanism after peripheral nerve injury (Edström and Ekström, 2003) .
This study has discovered that the p-ERK and p-AKT expression levels in facial nerve cell rose on 1d after cutting of facial nerve while compared with the blank control group and the elevated expression levels could sustain 14 days and 28 days and even longer, respectively. Although this study did not involve the active mechanism of ERK/MAPK and PI3K/Akt signal channels, it was predicted in combination of the results of previous in-vitro studies that they might participate in regulating the survival after injury of facial nerve cell. Some scholars had found during studying sublingual nerve injury that Akt phosphorylation level was obviously improved in the adult sports nerve cell with the enhanced activity of nerve cells, but decreased in new sports nerve cell with more death of nerve cells. Therefore, the death of the new sports nerve cell after injury might be caused by inactivated Akt, which indicated that the Akt channel was quite important in activity of nerve cell after nerve injury.
In this study, the Western test revealed that the expressions of P-ERK and P-AKT enhanced in axon after the facial nerve was cut, especially in axon of the near section. It was conferred that they might take part in axon regeneration of the injured facial nerve. Some scholars had verified that the peripheral nerve injury might result in activation of ERK/MAPK signal channels in the axon and it had been deduced that it might participate in the process of axon regeneration. It was found in study of rat's sciatic nerve injury that Akt phosphorylation level was enhanced obviously. In addition, some studies indicated that the distance of rat nerve regeneration was much lower than that of the control group after ERK had been inhibited, which indicated that ERK channel should be activated during regeneration after axon injury (Namikawa et al., 2000) .
Western test revealed that P-ERK and P-AKT expressions enhanced in axon, which might derive from axon nerve fiber and Schwann cell around the axon, but pure Western test was difficult to distinguish their accurate expression positions. Previous studies verified that Schwann cell was statistically significant for regeneration after peripheral nerve injury, but ERK/MAPK and PI3K/Akt might be the important signal channel in regulating differentiation of Schwann cell (Agthong et al., 2006) . The in-vitro studies indicated that activating the ERK/MAPK signal channel might induce Schwann cells to differentiate and proliferate (Yamazaki et al., 2009; Gao et al., 2017) . Meanwhile, the in-vivo studies also indicated that P-ERK could be activated in Schwann cells after nerve injury, especially in Schwann cells of the far axon, so that the Schwann cell could be dedifferentiated into the precursor state and promote the proliferation of Schwann cell (Agthong et al., 2009) . The above studies indicated that ERK/MAPK activation induced by nerve injury was quite important for dedifferentiation of Schwann cell (Agthong et al., 2006) . In addition, some scholars found that only in-vivo activation of ERK channels could be sufficient to dedifferentiate myelinized Schwann cell into the precursor state, resulting in severe loss of sport functions, even if there was no nerve injury (Harrisingh et al., 2004) . It indicated that the dedifferentiation of Schwann cells did not rely on axon degradation, but was dependent on persistence of P-ERK activity (Napoli et al., 2012) . When P-ERK signal activity was lost, Schwann cell might be myelinized quickly and the nerve functions recovered. Contrary to P-ERK effect, some reports said that the activated PI3K/AKT signal channel could promote differentiation of Schwann cells and also believed that the significantly activated ERK and the activity-enhanced AKT joint played important roles in inducing activation and proliferation process of Schwann cells at the early state of nerve injury (Ogata et al., 2004) . In this study, the Western test revealed that the expression level of P-ERK rose up gradually at the far end of axon, reached the peak value on 7d and then decreased subsequently, until down to the level before injury on 28 d. However, P-AKT was always at the activation state at the far end of axon after injury and its expression level was highest on 7 d and 14 d and then reduced accordingly but kept on a certain level on 28 d. According to the above results, it could be conferred that early ERK phosphorylation of nerve injury was activated and could neutralize P-AKT effect, so that Schwann cells were maintained at the immature precursor state and could keep the capacity of continuous differentiation; at the later period of nerve regeneration, P-ERK level decreased and kept at a higher level after the new axon gradually grew into the Büngner zone at the far end, so that myelinization of new axon could be promoted again. It indicated that the balance among different signal channels played an important role in regulating the functions of Schwann cells. Moreover, its regulating function was dependent on different stages of tissue effect.
Although this study could not certify which regulating effect the ERK/MAPK and PI3K/Akt signal channels brought into play during regeneration process after the facial nerve injury, but the immune grouping and Western tests could at least verify that both were activated in nerve cell and axon of facial nerve after injury. Moreover, P-ERK and P-AKT expressions had respective time effect and different signal channels were activated at the same position on different times, which might be significantly related to its regulating of nerve regeneration.
